Abstract
Background
Buschke-Ollendorff syndrome (BOS) is a rare hereditary disorder of connective tissue. It is inherited in an autosomal-dominant pattern with high penetrance. Multiple cutaneous elastic hamartomas and osteopoikilosis are the two key features for Buschke-Ollendorff syndrome. Two skin lesion patterns have been described as they may be of either elastic tissue (juvenile elastoma) or collagenous composition (dermatofibrosis lenticularis disseminata) [1] . The approximate incidence of the disease is 1:20,000, with few cases reported in the literature since 1928 [2, 3] . Skeletal lesions known as osteopoikilosis are areas of increased bone density that can be seen on radiographic imaging and typically are located in the substantia spongiosa of the epiphyses and metaphyses of long bones and the pelvis as well as in the hand.
Case report
A 24-year-old male presented to our clinic with a history of painless and slowly progressive radial abduction of his right thumb affecting grip and pretension. He complained increasingly discomfort while working at the computer. On physical examination, the patient looked healthy with no dysmorphic features. No skin lesions were detected. Only his right thumb was radially deviated 60° in the metacarpophalangeal (MP) joint and 25° in the interphalangeal (IP) joint (Fig. 1 ). There was a scar of previous operation over the radial aspect of the base of the thumb. The patient showed full active range of motion and the thumb joints were stable.
Radiological examination of the hand showed a spotted pattern with multiple circular or ovoid sclerotic lesions, consistent with osteopoikilosis. Growth disturbance during childhood led to radial deviation in the IP and MP joints (Fig. 2) . Before presentation to our unit the association of bony and soft tissue lesions was not correlated to a well-defined syndrome.
Due to the patients discomfort treatment with corrective osteotomy was carried out and a fixation plate with bicortical screws for early functional rehabilitation was mounted. Intraoperatively the cortical bone appeared highly sclerotic and thickened (Fig. 3) .
To further investigate the possibility of BOS in the patient biopsies were taken from the affected bone lesions and surrounding skin and soft tissue over the former surgical scar (Fig. 1) . The skin biopsy showed macroscopically a white nodule in the dermis. Microscopically, the nodule was hypocellular and consisted of interlacing thick collagen fibres and rare elastic fibres (Fig. 4) . A segmental biopsy of the metacarpal bone of the right thumb showed a nodular thickening of the cortical bone. Histology revealed in the nodular thickening of the cortical bone a remodelling with formation of network of thick bone trabecules and formation of numerous enlarged Havers's channels with fibrotic tissue (Fig. 5) . The histological findings of the bone were consistent with osteopoikilosis and the skin showed the variant of a collagenous fibrotic nodule instead of a nodule with high concentration of elastic fibres.
To confirm the diagnosis of BOS we obtained informed consent from the patient, isolated DNA from peripheral blood leucocytes and analysed the entire coding sequence 
Discussion
In BOS, cutaneous lesions consist of elastin or collagen naevi. Phenotypic expression of the disease is variable, and skeletal and cutaneous lesions may occur separately [5] . Cultured fibroblasts of patients with BOS produce 2-8 times more tropoelastin than fibroblasts of healthy individuals. Elastin production is higher in involved and uninvolved skin [6] [7] [8] [9] . Elevated elastin mRNA levels suggest that BOS may result from abnormal regulation of extracellular matrix, leading to increased levels of elastin mRNA and increased accumulation of elastin in the dermis.
Osteopoikilosis is caused by heterozygous loss of function mutations in the LEM domain-containing protein 3 46 (LEMD3) gene, also known as MAN1 [7] . LEMD3 is an inner nuclear membrane protein that antagonizes transforming growth factor β (TGF-β) and bone morphogenetic protein (BMP) signalling [10, 11] . BMP and TGF-β regulate bone turnover and skin development.
A LEMD3 investigation in a two-generation BOS family showed extreme intrafamilial clinical variability of LEMD3 mutations, which underlines the lack of a clear phenotype-genotype correlation in BOS [12] . Another case describing the absence of LEMD3 mutation in an affected family may indicate the genetic heterogeneity of Buschke-Ollendorff syndrome [13] . Thus far, more than 22 mutations have been identified in the LEMD3 gene [14] .
The otosclerosis with hearing impairment, stenosis of the aorta, and diabetes found in this syndrome can lead to serious conditions even if these symptoms are rare [9, 10, 15] . However, in general BOS follows a benign course. The associated lesions are generally asymptomatic, begin in childhood, and persist throughout life, often found as incidental findings [16] .
The history of skin thickening causing discomfort to the patient in the thumb signifies the presence of dermal induration caused by connective tissue nodules. A similar case was described by Kobus et al. in a six-year-old male with BOS [17] . The skin biopsy of our patient showed macroscopically a white nodule in the dermis. Microscopically, the nodule was hypocellular and consisted of interlacing thick collagen fibres and rare elastic fibres. These findings are not typical for BOS, which normally shows higher elastin production in involved and uninvolved skin [6] [7] [8] . However, phenotypic expression of BOS is variable, and skeletal and cutaneous lesions may occur separately [3] . The genetic testing identified a novel loss of function mutation in the LEMD3 gene, which confirmed the diagnosis of BOS.
After corrective osteotomy of the thumb a normal postoperative course followed with osseous consolidation in time. Overall the patient stated a benefit of our treatment, which led to better function in his activity of daily living.
Conclusions
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